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LARGE-BORE, MEDIUM-SPEED DIESEL ENGINE HAVING 
PISTON CROWN BOWL WITH ACUTE RE-ENTRANT ANGLE 



TECHNICAL FIELD 

[0001] The present invention relates to diesel engines, and more 

particularly to diesel engine pistons having a crown bowl. Still more 
particularly, the present invention relates to a large-bore, medium-speed 
5 diesel engine piston crown bowl having an acute re-entrant angle of the bowl 
sidewall. The present invention further relates to internal combustion engine 
cylinders having an anti-polish ring. 

BACKGROUND OF THE INVENTION 

10 [0002] In-cy Under emissions reduction techniques have been 

continuously explored to meet the future regulated exhaust emissions 
standards for large-bore, medium speed diesel engines typically found in 
locomotives, marine and industrial co-generation power units. 
[0003] For convenience, diesel engines are classified into high-speed 

15 and medium- speed engines based on engine bore size. Large-bore, medium- 
speed diesel engines have bore sizes ranging from 180 to 600 mm and small- 
bore and medium-bore, high-speed diesel engines have bore sizes ranging 
from 80 to 180 mm. The success of in-cy Under emissions control depends 
largely on the design and optimization of the combustion chamber and the 

20 characteristics of airflow and fuel spray. The key elements of the 

combustion chamber are the cooperating configurations of the piston, 
cylinder head, and piston ring pack. 

[0004] Large-bore (at least 180 mm in diameter), medium-speed 

(between 900 and 1,500 rpm) direct injection diesel engines are traditionally 
25 designed to achieve best fuel economy and reliability for their intended 
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applications, as for example those enumerated hereinabove. In order to meet 
these performance goals, the combustion chamber geometry, the in-cylinder 
air motion, and the fuel injection require careful matching in these engines. 
[0005] Direct injection diesel engines inject fuel directly into the 

5 combustion chamber, which usually includes a recess, referred to as a crown 
bowl, in the crown (top) of the piston. In general, the shape of the crown 
bowl must be matched to the spray penetration and the air swirl. In the case 
of large-bore, medium-speed diesel engines, the momentum and energy of 
the high-pressure (above 20,000 psi) injected fuel jets are sufficient to 

10 achieve adequate fuel distribution and rates of mixing with the air. The 
combustion chamber shape afforded by the crown bowl is usually shallow 
and a central multi-hole injector is used. The air motion (swirl) generated by 
the shallow crown bowl is a minimum and, hence, it is commonly referred 
as a "quiescent combustion chamber." A crown bowl providing low or no 

15 air swirl offers reduced heat transfer losses, and thereby higher thermal 

efficiencies can be achieved. Further, the reduced need for air swirl allows 
for improved efficiency by decreasing the work required to pump air in and 
out of the engine. Further yet, the shallow crown bowl shape is less prone 
to severe thermal stresses, in particular at the contour of the crown bowl 

20 edge (that part of the crown bowl shape that interconnects the bowl outer 
sidewall surface with the piston squish face), thereby helping to maintain 
high engine reliability. 

[0006] Over the last few years, large-bore, medium-speed diesel 

engines have become subject to more stringent exhaust emissions regulations 

25 by the US Environmental Protection Agency (EPA), the International 
Maritime Organization (IMO), and the International Union of Railways 
Commission (UIC). In order to meet these new emissions regulations, while 
maintaining higher fuel economy and reliability, new combustion chamber 
optimizations need to be devised, particularly with respect to combustion 

30 chamber geometry, in-cylinder air motion, and fuel injection. 
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[0007] Piston configurations having combustion optimization features 

such as a deep crown bowl and an acute re-entrant angle of the bowl outer 
sidewall shape can be found in the prior art with respect to small-bore, high- 
speed (cylinder bores of less than 100 mm and speeds greater than 2,500 
5 rpm) diesel engines, as well as medium-bore, high-speed (cylinder bores of 
from 80 to between 140 and 180 mm and speeds greater than 1,800 rpm) 
diesel engines. 

[0008] As the diesel engine size decreases, in addition to fuel jet 

momentum, increasing amounts of air swirl are used to achieve faster fuel- 

10 air mixing rates. The air swirl is generated by suitably shaped air inlet 

ports, and is amplified during compression by forcing most of the air toward 
the cylinder axis into the deep crown bowl combustion chamber. In this 
regard, smaller diameter, deeper crown bowls will generate greater air swirl 
as air inlet port generated swirl is compressed into the small diameter crown 

15 bowl. Because of conservation of angular momentum, the reduction in 

cylinder diameter greatly accelerates the angular velocity of the air. Further, 
air swirl helps to minimize the fuel spray jet impingement on the crown bowl 
sidewall. Without appropriate air swirl (air motion), fuel spray impingement 
leads to sidewall wetting, which increases production of certain undesired 

20 (i.e., hydrocarbon) emissions and component wear (for example, metal 

erosion and increased friction due to dilution of lubricating oil). In general, 
the small-bore and medium-bore, high-speed diesel engines are subjected to 
lower mechanical and thermal loads when compared to large-bore, medium 
speed diesel engines. Consequently, the crown bowl designs for small-bore 

25 and medium-bore, high speed diesel engines are more flexible than large- 
bore, medium speed diesel engines with respect to re-entrant angle of the 
crown bowl sidewall and the contours of bowl edge (sharp or rounded 
re-entrant lip). 

[0009] Referring now to Figure 1, a typical large-bore, low speed 

30 diesel engine includes a plurality of cylinders, each cylinder 10 having a 
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cylinder liner wall 12, a cylinder head 14 and a reciprocating piston 16 
having a piston crown 18 at the top of the piston, which forms part of the 
combustion chamber 20. The piston crown 18 includes, typically, a crown 
bowl 22, a piston ring pack 24, a piston squish face 26, and top land 28, 
5 which in combination influence the nature of fuel combustion, heat transfer, 
and engine emissions characteristics. Pistons 16 can be configured with 
different shapes of the crown bowl 22, such as for example by variation of 
bowl depth MD (i.e., shallow or deep), bowl shape (i.e., hemispherical, 
cylindrical), angle B of the bowl inner wall W, bowl re-entrant angle Ao 

10 (which is obtuse) of a tangent T of the bowl sidewall S with respect to a 
plane P F parallel to the piston squish face 26, bowl radius R, as well as 
squish height S between the piston squish face and the cylinder head 14 when 
the piston is at top dead center (as shown at Figure 1), and top land height 
TL, to obtain specific geometry compression ratio, and desired air-fuel 

15 mixing conditions. 

[0010] However, in the case of large-bore, medium speed diesel 

engines, the momentum and energy of the injected fuel is sufficient to 
achieve adequate fuel distribution and rates of mixing with the air. 
Accordingly, the customary crown bowl shape is shallow and has an obtuse 

20 re-entrant angle of the crown bowl sidewall. Particular crown bowl shapes 
are unique to various engine manufacturers with many individual features 
satisfying particular applications. 

[0011] Accordingly, what remains needed in the art is advancement 

in the piston crown bowl shape of large-bore, medium-speed diesel engines 
25 to further optimize fuel spray, in-cy Under air motion, and fuel air mixing to 
lower undesired emission without paying a severe penalty in regard to fuel 
economy and/or reliability of the engine. 

[0012] Another area of concern is operational development of 

cylinder polish. Cylinder polish is one of the most serious and difficult to 
30 overcome problems that is commonly encountered in diesel engines. 
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Cylinder polish arises from the rubbing action of hard carbon on the top land 
of the piston under the natural motion of the piston, causing removal of the 
honing pattern, and leaving a polished region usually on the non-thrust side. 
The formation of carbon deposits on the piston top land, rim, and around the 
5 piston ring pack occurs due to accumulation of partially burned hydrocarbons 
and lubricating oil during the combustion process. These deposits grow over 
a period of time and become hard carbonaceous structures facilitating the 
rubbing action against the cylinder wall. Once cylinder polish begins, 
despite small local cylinder wear, the piston rings of the piston ring pack will 
10 have difficulty in controlling oil flow in this region due to nonconformity of 
contact surface, and the oil consumption begins to increase. This cylinder 
polish can happen over a period of time, depending on the severity of the 
rate of accumulation of the carbon deposits. 

[0013] One of the solutions to mitigate cylinder polish is to place an 

15 anti-polish ring 30 (also know as flame ring, fire ring, or carbon cutting 

ring) into the cylinder liner wall 12 adjacent the head and adjacent the piston 
top land 28 when the piston is at the top dead center of its travel, as shown at 
Figure 1 . This anti-polish ring 30 is an insert into a slot 32 in the cylinder 
liner wall 12, is made of steel or cast iron, and projects slightly towards the 

20 piston land, wherein the piston top land 28 is cut back to compensate for this 
projection, thereby minimizing the dead volume between the piston and anti- 
polish ring. The anti-polish ring 30 prevents build-up of hard carbon beyond 
its inner diameter, and, as a result, no cylinder polish can take place, as the 
carbon is always clear of the cylinder wall as the piston moves away from its 

25 top dead center position. 

[0014] The variables considered for configuring the anti-polish ring 

30 include, height H, thickness and projection thereof into the cylinder. The 
maximum height possible for the anti-polish ring 30 is the distance between 
the cylinder head 14 and the first piston ring 34 of the piston ring pack 24 

30 when the piston is at top dead center. Conceivably, the dimensions and 
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arrangement of the anti-polish ring can be varied to meet the particular needs 
of given engine tolerances. 



polish ring applied to large-bore, medium speed diesel engines, as well as 
5 advancements for interfacing an anti-polish ring with a cylinder liner wall. 

SUMMARY OF THE INVENTION 



diameter) diesel engine cylinder configuration featuring a piston crown bowl 
10 having an acute re-entrant angle of the bowl sidewall relative to the piston 
squish face plane, and, optionally, an anti-polish ring in the cylinder liner 
wall, wherein such large-bore diesel engines typically operate at medium 
speeds between about 900 to 1,500 rpm. 

[0017] According to the present invention, an acute re-entrant angle 

15 crown bowl is provided for the piston crown of a large-bore diesel engine, 
yielding an improvement in performance and emissions characteristics. The 
key design variables of the acute re-entrant angle crown bowl according to 
the present invention include: re-entrant angle of the sidewall of the crown 
bowl, maximum and minimum crown bowl radii, crown bowl center depth, 
20 crown bowl surface angle, maximum crown bowl depth, squish height and 
piston squish face width. 

[0018] For a given size large-bore diesel engine, breathing capacity, 

airflow, and fuel flow conditions, the acute re-entrant angle crown bowl 
facilitates the combustion process, resulting in lower NO x formation and 

25 enhanced oxidation of soot, hydrocarbons, and carbon monoxide emissions. 
By changing the fuel injection timing and injection characteristics (injection 
pressure, rate of injection, and spray angle), the acute re-entrant angle crown 
bowl offers the best balance trade-off of minimization of harmful emissions 
and performance optimization. For example, multiple injections through a 

30 high-pressure common rail injection can benefit from an acute re-entrant 



[0015] 



Accordingly, what further remains needed in the art is an anti- 



[0016] 



The present invention is a large-bore (of at least 180 mm in 
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angle crown bowl with enhanced air movement and air utilization within the 
combustion chamber. 

[0019] Recent advancements in high-temperature materials, 

manufacturing processes and fuel injection systems such as electronically 
5 controlled high-pressure common rail injection provides greater flexibility in 
designing piston bowl shapes for large-bore, medium speed diesel engines. 
The current invention discloses a piston bowl design with an acute re-entrant 
angle bowl shape taking advantages of the delineated advancements. When 
fuel injection event is properly matched with the acute re-entrant angle* 

10 crown bowl shape, the spray combustion process can be optimized to achieve 
higher fuel efficiency and lower exhaust emissions simultaneously. For 
example, with multiple fuel injections per combustion event, an acute re- 
entrant angle crown bowl offers additional flexibility in controlling the 
mixing process, wherein the spray-induced flow field takes the shape of the 

15 crown bowl. Thus, it is more likely that the combusting products will stay 
down in the hot region of the crown bowl where they have a higher chance 
of being completely burned. Any remaining unburned soot resides in the 
crown bowl during the expansion stroke, thus increasing the likelihood of 
being burned in the following combustion event, as compared to 

20 conventional shallow crown bowl shapes. Additionally, the resulting thermal 
and mechanical loads are relatively less severe, which permits re-entrant 
contours at the bowl edge (or lip or rim). 

[0020] The re-entrant angle of the crown bowl is related to the 

orientation of the crown bowl sidewall relative to the plane of the squish face 

25 of the piston. More precisely, the re-entrant angle is defined as follows. A 
lower curve radius defines a lower curve of the crown bowl which adjoins 
the maximum bowl depth and the crown bowl sidewall, and an upper curve 
radius defines an upper curve of the crown bowl which is adjacent the squish 
face and also adjoins the crown bowl sidewall. A sidewall tangent is formed 

30 by the intersection of the upper and lower curve radii, wherein the sidewall 
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tangent defines the orientation of the crown bowl sidewall. The re-entrant 
angle is, then, defined as the angle of the sidewall tangent relative to a squish 
face plane parallel to the squish face, wherein the angle is measured 
clockwise from the squish face plane. An acute re-entrant angle provides, 
5 therefore, a physical configuration in which a maximum bowl radius of the 
crown bowl is located farther from the squish face than is a minimum radius 
of the crown bowl, wherein the maximum bowl radius is larger than the 
minimum bowl radius. 

[0021] Additionally, it is preferred to include an anti-polish ring in 

10 the cylinder liner wall to additionally provide the benefit of preventing 

development of cylinder polish. In particular, the anti-polish ring may be 
provided as an integral part of the cylinder liner, the cylinder liner and anti- 
polish ring being a single piece. 

[0022] Accordingly, it is an object of the present invention to provide 

15 a large -bore diesel engine having pistons provided with an acute re-entrant 
angle crown bowl. 

[0023] It is an additional object of the present invention to provide a 

large-bore diesel engine having pistons provided with an acute re-entrant 
angle crown bowl, and further to provide the cylinders thereof with an anti- 
20 polish ring. 

[0024] It is an additional object of the present invention to provide a 

cylinder liner and anti-polish ring as a single-piece, integral structure. 
[0025] These and additional objects, features and advantages of the 

present invention will become clearer from the following specification of a 
25 preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Figure 1 is a sectional view of a prior art large-bore diesel 

engine cylinder depicting a piston having a prior art obtuse re-entrant angle 
30 crown bowl and a prior art anti-polish ring. 
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[0027] Figure 2A is a sectional view of a large-bore diesel engine 

cylinder depicting a piston thereof having an acute re-entrant angle crown 
bowl according to the present invention. 

[0028] Figure 2B is a partly sectional view seen along line 2B-2B of 

5 Figure 2A. 

[0029] Figure 2C is a sectional view if a piston having an acute re- 

entrant angle crown bowl, whereby the re-entrant angle is defined. 
[0030] Figure 3A is a sectional view of a large-bore diesel engine 

cylinder depicting a piston thereof having an acute re-entrant angle crown 
10 bowl according to the present invention, and wherein the cylinder liner 
features an anti-polish ring. 

[0031] Figure 3B is a partly sectional view seen along line 3B-3B of 

Figure 3 A. 

[0032] Figure 4A is a sectional view of a large-bore diesel engine 

15 cylinder as in Figure 3 A, wherein now the anti-polish ring is integrally 
formed with the cylinder liner. 

[0033] Figure 4B is a partly sectional view seen along line 4B-4B of 

Figure 4A. 

[0034] Figure 5 is a sectional view (cross-hatching omitted for 

20 clarity) of a bisected large-bore diesel engine piston, showing a first series of 
preferred acute re-entrant angle crown bowls according to the present 
invention. 

[0035] Figure 6 is a sectional view (cross-hatching omitted for 

clarity) of a bisected large-bore diesel engine piston, showing a second series 
25 of preferred acute re-entrant angle crown bowls according to the present 
invention. 

[0036] Figure 7 is a sectional view (cross-hatching omitted for 

clarity) of a bisected large-bore diesel engine piston, showing a third series 
of preferred acute re-entrant angle crown bowls according to the present 
30 invention. 
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[0037] Figure 8A is a sectional view of a bisected large-bore diesel 

engine piston, showing a preferred acute re-entrant angle crown bowl 
according to the present invention. 

[0038] Figure 8B is a top plan view seen along line 8B-8B of Figure 

5 8A. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0039] Referring now to the drawing, Figures 2 A through 8B depict 

various aspects of the present invention. In the various views of Figures 2A, 

10 3A, 4A, 5, 6 and 7, a large-bore (of at least 180 mm diameter) diesel engine 
cylinder 100 is shown featuring a piston having an acute re-entrant angle 
crown bowl, wherein for comparative and referential purposes, the prior art 
obtuse re-entrant angle crown bowl 22 of Figure 1 is shown in phantom. 
[0040] Referring firstly to Figures 2 A and 2B, depicted is a large- 

15 bore (at least about 180 mm in diameter) diesel engine cylinder 110. The 
cylinder 110 has a cylinder liner 110L having a cylinder liner wall HOW, 
and includes thereat a cylinder head 1 14 and a piston 102 having a piston 
crown 116, wherein the piston crown has an acute re-entrant angle crown 
bowl 104. The acute re-entrant angle A A is related to the orientation of the 

20 bowl sidewall 104S relative to a squish face plane P S f which is oriented 
parallel to the squish face 108 of the piston. 

[0041] Figure 2C depicts how the acute re-entrant angle A A is 

defined. A lower curve radius R L defines a lower curve C L of the crown 
bowl which adjoins the maximum bowl depth MD' and the crown bowl 

25 sidewall, and an upper curve radius Ru defines an upper curve Cy of the 

crown bowl which is adjacent the squish face 108 and also adjoins the crown 
bowl sidewall. A sidewall tangent T* is formed by the intersection of the 
upper and lower curve radii, wherein the sidewall tangent defines the 
orientation of the crown bowl sidewall. The re-entrant angle A A is, then, 

30 defined the angle of the sidewall tangent T' relative to the squish face plane 
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Psf (which is parallel to the squish face), wherein the angle is measured 
clockwise from the squish face plane. The acute re-entrant angle provides a 
physical configuration of the crown bowl 104 in which a maximum bowl 
radius R M ax of the crown bowl is located farther from the squish face 108 
5 than is a minimum radius R M in of the crown bowl, wherein both radii are 
measured from the piston (or piston crown) centerline C, and wherein the 
maximum bowl radius Rmax is longer than the minimum bowl radius Rmin- 
Additionally, it will be seen that the bowl inner wall W has an angle B' with 
respect to the piston centerline C, and there is a top land height TL' of the 

10 piston land 122. 

[0042] Referring next to Figures 3 A and 3B, it will be seen that the 

cylinder liner 110L' has a cylinder liner wall HOW which is now provided 
with an anti-polish ring 106 received in a slot 106S thereof adjacent the 
cylinder head 114 and adjacent the piston crown 116' when the piston 102' is 

15 at top dead center, as shown at Figure 3 A. In this regard, Figure 3 A shows 
that the anti-polish ring has a height H' of, for example, about 40 mm, such 
that the lowermost location avoids contact by the first (upper) piston ring 118 
of the piston ring pack 120. The anti-polish ring 106 is made of steel or cast 
iron and is projected slightly towards piston crown 116', wherein the piston 

20 land 122' is now recessed (cut back) thereat to compensate for this 

projection, thereby minimizing the dead volume between the piston and anti- 
polish ring. The anti-polish ring 106 prevents build-up of hard carbon 
beyond its inner diameter, and, as a result, no cylinder polish can take place, 
as the carbon is always clear of the cylinder liner as the piston moves away 

25 from its top dead center position. The design variables in the anti-polish ring 
106 include height, thickness and projection into the cylinder. 
[0043] It will be seen that Figures 4A and 4B are similar to Figures 

3A and 3B, except now the anti-polish ring 106' is integrally formed as a 
single piece construction with the cylinder liner 110", projecting with 

30 respect to the cylinder liner wall HOW", wherein the anti-polish ring also 
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has, by way of example, the height H\ It is to be noted that an integral, 
single piece construction of the anti-polish ring and the cylinder liner as 
shown at Figures 4A and 4B is applicable to any internal combustion engine, 
wherein a large-bore diesel engine is shown merely by way of 
5 exempl ification . 

[0044] Turning attention now to Figures 5 through 7, examples of 

pistons having preferred acute re-entrant angle crown bowls are depicted, for 
large-bore, medium-speed diesel engines. For comparative purposes, the 
conventional (prior art) obtuse re-entrant angle crown bowl 22 of Figure 1 is 
10 also depicted. 

[0045] Figure 5 shows a piston 102 A in which is formed in the piston 

crown 116A thereof any one of a first series of preferred piston acute re- 
entrant angle crown bowls: crown bowl 104 A i having an acute re-entrant 
angle A A i of the bowl sidewall 104S A i relative to the plane PA of the squish 

15 face 108A, and having a minimum bowl radius Rminai; crown bowl 104 A 2 
having an acute re-entrant angle A A2 of the bowl sidewall 104S A2 relative to 
the plane PA of the squish face 108 A, and having a minimum bowl radius 
Rmina2; and crown bowl 104 A3 having an acute re-entrant angle A A3 of the 
bowl sidewall 104S A3 relative to the plane PA of the squish face 108A and 

20 having a minimum bowl radius Rmina3- In each of the acute angle reentry 
crown bowls of Figure 5, the squish height S A , maximum bowl radius 
Rmaxa, bowl center depth, CD A , maximum bowl depth MD A , length of the 
bowl inner wall W A , angle B A of the bowl inner wall, and length of the 
piston top land TL A are all held constant. 

25 [0046] Figure 6 shows a piston 102B in which is formed in the piston 

crown 1 16B thereof any one of a second series of preferred piston acute re- 
entrant angle crown bowls: crown bowl 104 B i having an acute re-entrant 
angle A B i of the bowl sidewall 104S B i relative to the plane PB of the squish 
face 108B, and having a minimum bowl radius Rminbi; crown bowl 104 B 2 

30 having an acute re-entrant angle A B2 of the bowl sidewall 104S B i relative to 
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the plane PB of the squish face 108B, and having a minimum bowl radius 
Rminb2; and crown bowl 104 B 3 having an acute re-entrant angle A B 3 of the 
bowl sidewall 104S B 3 relative to the plane PB of the squish face 108B, and 
having a minimum bowl radius Rminb3* In each of the acute angle reentry 
5 bowls of Figure 6 the squish height S B , maximum bowl radius Rmaxb, bowl 
center depth, CD B , maximum bowl depth MD B , length of the bowl inner wall 
W B , angle B B of the bowl inner wall, and length of the piston top land TL B are 
all held constant. 

[0047] Figure 7 shows a piston 102C in which is formed in the piston 

10 crown 1 16C thereof any one of a third series of preferred piston acute re- 
entrant angle crown bowls: crown bowl 104ci having an acute re-entrant 
angle Aci of the bowl sidewall 104Sci relative to the plane PC of the squish 
face 108C, and having a maximum bowl radius Rmaxci, a minimum bowl 
radius Rminci, a length of the bowl inner wall Wei, and a maximum bowl 

15 depth MD C i; crown bowl 104 C 2 having an acute re-entrant angle A C 2 of the 
bowl sidewall 104Sc2 relative to the plane PC of the squish face 108C, and 
having a maximum bowl radius Rmaxc2, a minimum bowl radius Rminc2> a 
length of the bowl inner wall W C 2, and a maximum bowl depth MD C 2; and 
crown bowl 104c3 having an acute re-entrant angle Ac3 of the bowl sidewall 

20 104Sc3 relative to the plane PC of the squish face 108C, and having a 

maximum bowl radius Rmaxc3> a minimum bowl radius Rminc3, a length of the 
bowl inner wall W C 3, and a maximum bowl depth MDc3- In each of the acute 
angle reentry crown bowls of Figure 7, the squish height Sc, bowl center depth 
CDc, angle Be of the bowl inner wall, and length of the piston top land TLc 

25 are all held constant. 

[0048] Any of the above shown preferred acute re-entrant angle crown 

bowls of Figures 5, 6 and 7 may be reconfigured in accordance with a given 
large-bore diesel engine, as for example variations in: re-entrant angle, 
maximum bowl radius, minimum bowl radius, maximum bowl depth, piston 

30 squish face width, piston bowl center depth and squish height. Further, any of 
the embodiments delineated may be combined with an anti-polish ring, as 
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shown at Figures 3A through 4B to reduce the cylinder polish, piston scuffing 
and lube oil consumption. 

[0049] Referring now to Figures 8A and 8B, depicted is a preferred 

large-bore diesel engine piston 102P having a diameter of 263 mm which was 
constructed and tested. The piston 102P has a piston crown 1 16P having an 
acute re-entrant angle crown bowl 104P. The acute re-entrant angle A AP is 
defined by the angle of the sidewall tangent T' of the bowl sidewall 104SP 
relative to a squish plane Pfp which is oriented parallel to the squish face I08P 
of the piston, wherein A A p has a value of 77 degrees, the maximum bowl 
radius Rpmax has a value of about 89 mm, and the minimum bowl radius 
Rpmin has a value of about 87 mm, the bowl inner wall W P has a length of 91 
mm, the bowl inner wall has an angle B P relative to the centerline C of 71 
degrees, and a top land height TLp of 40 mm 

[0050] Values for the various dimensions of the embodiments depicted 

by Figures 5, 6, 7 and 8 are given in Table I, wherein Table I further includes a 
comparison to representative prior art dimensions. 
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[0051] For a given engine size, breathing capacity, airflow, and fuel 

flow conditions, the re-entrant piston bowl alters the combustion process that 
could result in lower NO x formation and enhanced oxidation of soot, 
5 hydrocarbons, and carbon monoxide emissions. By changing the injection 
timing and injection characteristics (injection pressure, rate of injection, and 
spray angle), the acute re-entrant angle piston bowl offers the advantages of 
optimizing trade-off of emissions reduction versus performance improvement. 
For example, multiple injections through the high-pressure common rail 
10 injection can benefit from the acute re-entrant angle piston bowl with 
enhanced air movement and air utilization. 

[0052] The delineated preferred embodiments are beneficial 

independent of fuel system employed by the diesel engine. In each of the 
preferred embodiments depicted in Figures 5, 6 and 7, the fuel spray pattern F 

15 is directed toward the respective concave pocket beneath the overhanging 
piston squish face at the terminus of the respective piston bowl edge radius. 
This feature facilitates improved fuel combustion, resulting in lowered 
harmful emissions and increased performance. When a fuel injection event is 
properly matched with the acute re-entrant angle crown bowl shape, the spray 

20 combustion process can be optimized to achieve higher fuel efficiency and 
lower exhaust emissions simultaneously. For example, advanced fuel 
injection systems, such as an electronically controlled high-pressure common 
rail system, the injection characteristics can be better matched with the bowl 
profile to facilitate enhanced spray-bowl interactions, which can lower the 

25 formation of undesirable emissions. With multiple fuel injections per 

combustion event, an acute re-entrant angle crown bowl offers additional 
flexibility in controlling the mixing process, wherein the spray-induced flow 
field takes the shape of the crown bowl. Thus, it is more likely that the 
combusting products will stay down in the hot region of the crown bowl where 

30 they have a higher chance of being completely burned. Any remaining 

unburned soot resides in the crown bowl during the expansion stroke, thus 
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increasing the likelihood of being burned in the following combustion event, 
as compared to conventional shallow crown bowl shapes. Additionally, the 
resulting thermal and mechanical loads are relatively less severe, which 
permits re-entrant contours at the bowl edge (or lip or rim). 
[0053] The herein delineated preferred embodiments can be retrofitted 

to existing engine hardware to improve the fuel-air mixing and enhanced air 
utilization within the cylinder. 

[0054] To those skilled in the art to which this invention appertains, 

the above described preferred embodiment may be subject to change or 
modification. Such change or modification can be carried out without 
departing from the scope of the invention, which is intended to be limited only 
by the scope of the appended claims. 



